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TECHNICAL DISCLOSURE 

Title 

u^R^TE DATA INTO AND FROM ANALOG WAVEFORMS" 
10 Summary of the Invention 

The present invention relates aeneraiiv » rt k^- _, 

techniques, and more particular! >i\ batata, t I * m ° dula «on and demodulation methods and 
techniques and apparatus therefor ^ nf« ^ ba f eb t nd mo<3ulat 'o n ^ demodulation methods 
waveform general or symhetS aftwT* f °"' th *sPe<**»Y efficient encoding (modulated* 
non-stationary baseband ^^TSTS^^'^ Jf 110 form 0f 6 ' *n*JX 
physically separate points via a S>ml « 9 pur POse of digital data transmission between two 
transmission media. ^f^^lLZST^^'*^ " P * th pr ° vid6d via ana ^ 
information from said time-variant r*« decodin 9 and recovery of said intelligence or 
decoding process (demoSulalSn" non ^ mmnu y bas< *and analog signal by a complementar^ 

The present invention serves as a cad** t, «. ^ ^ 

in order to: a.] have said encoder TmStnL &decoder > <* moc, em (modulator & demodulator) 
waveforms at its output in response tc d?s£!^. pr0duce or Senerate non-stationary analog 
waveforms are in fac! t amplitude ^dSafed P ^ 8nt8d t0 "» input " wherein analo? 

discrete data, and b.) hLU mH*S ( 7!^^ 

waveforms produced by such ar TmvvS 7 , demodulator receive said non-stationary analoa 
^^^c^V^^^^^ « a 'J abQve . ™* Produce 
practical application, said analog wavJ^^ ° 9 forms Planted to its input In a typical 
analog transmission path or rnediuT ^ may . be Emitted between two points via an 
e.ectrical connection between two ^inS'^ T an *£T C "J*™* in f0rm < lS - a 
impressed onto an RF carrier or opSSrrier) electroma 8 nat,c way e propagation form (i.e., 

The present invention utilizes a nnvai 

modulation and demodulation tech^taue J^T?** " nt,nuou 6'y triable delta slope (JCVSD) 
speed discrete (i.e., digital) < daSSunSS^ 819 " 1 030 be Practically utilized^ a high 

v^*wdwkk^iK^ 0VQ : a r a, °9 a ' a «=trodynamic medial 

° 1 <luos \'-*- . information bearing capacity.) 

communications channel over AC miif P J?^' n ? tne tneoref cal information capacity of a 
offset effects. Unlike SJLTS^JSWj^^ ? itn ™W **••« of phase shift and DC 
etc.). in a typical practical ^^JJ^Sf^"^ ?£" FSK PS * ^ G ^ 
utilize a substantially greater portion of tS %*" R .f modern ' ^ P resent Invention is able to 
channel or path then any of tneS art ,nforrna « on ^city of such a communications 

Background of the Invention 

The present invention utilizes a novoi 

modulation and demodulation technbSe to nr^Tf 6 COntini f us,y variab,e delta 3, °Pe OCVSD) 
data communications. This techrtcS Provid^'a ^rLT^H^ for 
production costs, when compared to prior 2 m«? degree * P^mance and lower 
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With a view towards a practical <= .• • 

communjca^ via an RF cor^ u ^S™J u * * s t en * bi W mobile or aaia 
continuously variable delta slooe ncv^m P ! th ,' a br,ef ov e™ew of the adaptive inverse 
rjevant background will now Te 2ven a « and d « mcdu,ati ™ and 5 

5 electrornagnetically between two phSv j£ °? ^ communications path is established 
and an RF receiver. Typically a fb<SS ^ P 6 P9 - n,S ^ action of 8n ^ Emitter 
spread spectrum RF mWlSS^flSES * ^ b9,ween said ^ *K£h 
spectrum, one dwells on a fixed freo^L , 9 4 more and more fav0f (although even in spread 
io convey the minimum -format,^ ««« duraL necess^ to' 

At the present time, said RF freauenrv n 

the general choice in analog systems th« m?!f r) J S ^ pical,y < T «W™<V modulated (FM). This is 
voice communications within rnob fe sO^ i? nty * these ^8 ^n^ 0 * systems in use ft? 
ratio within a given bandwidth XittS ?? advarrta 9 e ° f ™ is its high sfcna It Z 

20 communication chSnefSr path ^ariou^h^f such an FM -°«sed analog voice bandwidth 
ut,.,zed These schemes r^^S^l^VSS^ * nd ™^*™ SchenS lS?E2 
higher data rates and increasing mrS U0h PSK > QPSK - QAM. GMSK etc with 52™S] 
themes have not ti!!^^^,^^' "V* W*™™™^*^ 
capacity of a communications SanS S ates an r" h *™ near the theoretical infer™^ 9 , 

r2 d ~~^^ 
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5^^^ SSdt s DC ; eV H 6 ' °** «<■ ba -P'cyed and 

pSffiS?* In 8,1 effort t0 tne more2m D ^r t8 ^J 0 occupied ^eband spVctum i 
PSTN data communications) tho« IS^- J? ,e * 5cn em«s which were originally develop *j 

(as well as Inawrtji^^t^ S° her data ratM <n«»JTSrt3tSSSS 

transmitters and RF receivers £L£ £!1 8ffiB ?* ^ of ever increasing ccmptexftv? fSI 
from said modulator a^demodi 0r desiflnad to P™^^ 

this should allow greatly inc£S^^^ designed tranamittS^^ 



In the novel method accordi™ « 

employed presumes the defactO(^uS!n! mbc ^ iment of P~»ert Invention, the technic, 
^ Phase 8t ? 8 " Thd •<»P^«SS^^^ 8, ~. 0f DC ,ev *' «"d offsets 2e 6 
these normally slowly cha%ing shi^and^offle!? P Wnt inVenti ° n< 00nMnu> *> *WlSseiM 0 

app^rs too. unknown and unS^ as in the p^sent Lentioa 

Continuously Variable Slope Delta (Cv<zn\ ^ . 
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The key component in a CVSD su** 

A delta modulator consists ot a Smwr^fn^ modu ' atcr well understood in the ar> 

pa ?5 a sin, P' e loop ThTSSSw I* f ° r ^ d P 3 * 1 and «" '"toy alor in the feedback 

and me output or the irnegrato, v^SSSSS^H* 8 b8nd,inii ^ analog InpuTsS 

J» analog Input signal magnitude anc TKJI w / M,Bn ^^«*9n*th B dlffe^ncebetvSS 
This s^j Bit is the actual c&J^JJ JJJSJ ff"P«tude at any instance in time 
The comparator may be suitably doeK T "V"** tfr « ction <* ™"«p of the integrator 
bandbmifad diaiia, w 5tream iao,y wckad, rts output thereby producing a synchronous and 

if in such a CVSD system the cl 

o!2L?2 and 3pp,ied t0 a similarTntirator' abov ° modu,ator is Emitted. 

V ^ of inc tran=n,itting cSiS O l^i! mole rece,V9 point ' * e receiva integrate 
that the transmitting integrator is tracWnn °! P nte 9 fatof °*P«- this manner, one m*v «l 
that the receive into^S ? nato 9 signal and as a convene? 

. ™enng of the receive Integrator^ "Si ' nput ^P* 1 Wna ***** Appropriate tew c2 
of the bit stream is an ocL* nr rX rem .°^ 9 most of * e quantization noise, 5 the dock raS 
rate.) In the case of vde^^SiSE * b ? d " ,dlh of the in P ut 3i «™' • *«N«J2 
up would h« us„ri • rammiJn,ca ''ons having a bandwidth of 4 KHz, clock rates of " *klte ?nd 

remote^delta b y^ and conveys the analog input signal to a 

encoded data stream has beVnlceX 2J? aPPr ° 8Cn and the serial mSIof ft! 

o2a5£? ^ 3i9na ' te ^SSXSSSS^.T 9 coaa ™*'*™ netvvorkHu^ 
generated and transmitted. If the two S modulator, a continuous one-zero alternation 

(i.e., disruption of the digita" b?t nSmSPSSJ^ m ! de ,eaky ' tnen durin 9 losstfccS 

zero and receive restart can occur Sn?! receiv,n 0 delta demodulator output de<W tSarS 

demodulator reacquires «?ffin£^^ whenl SS 

to,erant of sporadic bit errors. P 8 °' l( $nou,d *° noted *nat a delta demcdulatorte quite 

The basic delta modulater / ri*~,~, , . 

continuously Scribed so far does not include <h. 

iS^'^^^^S^oS^JSLT ? e J m P rovM Performance ?cv8? 
accurately convert the input wlSn a ~. 6 ? are '"nitaflona with regard to the abmtv tn 

bandlimited and amplitude HmTted Th 1 a ' 9,tal b,t Tr » ■nrtogkjui 552? t£ 

"Hie f r equw icy limits are bounded nn 

clock frequency larger than ^SSSS!1!S^^ *"* input bandw,dth «»• exists a 

^ Sf I" 3 ,' ' 9Ve1 ' 008 s P«»ic gain win ^.P 01 " ond ^ ende - Henco, for a 

r do,te ^°^^orhe 3aaniandyn 8 amic w f n a ^ Unfortunately, the t2si? 

The oddKi optimally constant 

45 Pro^dwSease^dS^ < CVS > f ™«™ * *» basic delta modular 

given clock frequency and ?nput?«XS^ 0,6 S ain of »» ^tor For a 

dynamic range of the delta modulatoTV^ J B w CV V uncton ther9for * t^r«Saa.%,! 

» This . hi* Ulster b. „ ^ , te 4 „ . , ^"^"'■^•W^. 

monitors, the contents of the shirt L; B 7i S J n J e . natn and the accepted CVSO aloorithm simm,, 
condition is called coiticti^^^,*" ,r ' dicat8S lf « contains all one's c?to'3t2^ 
too an* Such a ec^d^ouM^^ * ^l*" 83 ,hat ^ e « ain °' «£ Integrators 
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I his algoritnm is repeated In the reca - 
algorithm only operates cn the Das t If* 1 ^ '* thereby recovered. Because tho 

without changing the tii« „ mi ni r^? data - rt ^actively changes the nature of the bit stream 
analog input signal. Tnc overan **** the CVS algorithm is to compand the 

Oue to the simplicity, robustness an* «„«~ . ~ ■ 

voice communications, it w a3 thm^^lS^ 1 ^ 5* CVS ° ^ 8 P p,ied towards di 9« a ' 
one might utilize a novel and verv <m~^ / ' mc,nom atieally and experimentally determined that 

demodulator, to obtain a function f noHSf L. C . r arran S eme «* of such said CVSD modulator and 

10 Wl Known m the art 

In the present invention, at the tran-jm,* -i 

•mirror- fashion (when compared to its ?ariZt'r,* CV , So iw domo < , "' ate '- •« uHliad in an inverse or 
ong.nat.ng from a CVSD modulator) inSSLS 086 5 r ^ 6 8naicg decodiri 9 of a digital bit stream 
a bandlimited analog output signal .n r^™^* ** 3 T odu,ation »* Generates 

11 str^m (i. * . ^ w, str8a £ } ^ res panse to a synchronous and bandlimited digital bit 
(baseband) can then be ^SS^^^-S^^ ^dlimited analog output signa 
rad.c) to a remote receive point suitable for analog voice communication, e.g.. 

At said remote receive'point a cv«;n . . 
20 (compared to its prior art use for the dS^enSn Uti 'i Zed in an inv9r38 « " mi ™" **ton 
of analog .ntelligence). in order to Sdl lE fZ ^ ?? nal3 ^inatrng from a source 
synchrorwua and Delimited 8Chen *» that generates a 

bandlimited analog input signal pSSjJSJ ar^^put' 6 ' * Str9am> r * SP ° nSe t0 * 
The above novel approach to the anai*« »~ 

use in AC coupled RF communtoatS nsm ^ ,on of d 9ital data is especially attractive for 
phase shifts have a large SS^STi °? a ™ «» *S as 

mobile RF data comrrunications trKrBa2?SSl?* ,d9 , frC ™ the a PP ,icat ion towards fixed or 
m more physical communication ^7T^f?? n a,S0 has a PP««»n «w promise far use 
network, fiber optics, etc. P S or Uriels, such as the public switched telephone 

Brief Description of the Drawings 

Fig. 1 shows schematically a nrefen-^ u 

the present invention, wherein Sw^^I*^. * !J e method «* «PP«*u» according to 
-RF means. 9 "mpiex transmission of encoded digital data i s performed via 

Detailed Oe«cription of the Drawing* 

With reference now to Fig. 1 the™ ;« ^ 

apparatus according to the present Inverrton^ 8 • pr f' erred of the method and 

transmission of encoded d^^S^S^S^ *F ,9 . Sh 2 Wn means for the *"p5x 
portions of the aystem are depicted as EST* ^T 1 ,n Ra 1 tne tran8m « a "d receive 
«™^> by the dividing das^^ physically separate (but electromagnefcaHy 

such as power suppiiea, wifi^S^; 5^5^- ^sceflaneflus system componente 
they are common electronic design art ani ^I da f° u P ,in fl capacitors etc. are not shown, in thai 
means of the preferred embodiment 001 r9,evant to the nove,, y maans fonctoiaKy 

Described first, is the transmit n 

asynchronous receiver / transmitter S/ART? a^LS^ in ^ 33 3hCWn ' a urive ™" 
orm of a serial bit stream) at it, inpiio sLd Sart I u d,SCfet ? d * ital data < in *he 

from master clock generaior 4. Said 5 art * 2, V docked ^ an suitable dock signal 5 
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Said parallel data connection y mav be „/ ,„ „ 

dictated by system design requireme^ar^ a P prcpr1a ! e ^ < 1 - 9 - nu " lbw ° r W^nes) a 3 i 3 
snown as uC 10. It can be seen that i of micropfocessor/fricrocortrcller (uP/uC) 

convey parallel digital data to aoorocr at* 5 vfT ?' by vil lu * ° r para,,e ' data "n™^ 0 " 9. can 
digital acknowledgement siurSl <\ 7 ,2 Srtal data ,n P uts on said uC 1°. uC 10 also provides a 
provides a digital data ready strobe to SiF?* ? ^ UART 2 via ,ine 11 ' and Mid UART 2 
supplies a dock signal 8 to Jc 10 via l,ne 12 Mastef clock Senator 4 further 

As shewn, there is also a second Uart ^ . 

preferred embodiment Said UART id . !i 9MOC,otod Wlth Wa, eaid transmit portion of the 
master clock generator 4 Said UART i f ^ su PP ,ied b ? a Suitable clock signal 7. from said 

connection 16. shew here as orioina inrf^m^- p l ? S^*"*'. data str * am input via para,,e ' 
said parallel data connection 16 S mS 1 ?? dl ?ta' data outputs on said uC 10. The width of 
choice of uC 10. Said UART 13 can hi .1 d ? t9nT,,n « J b V desion requir«m«nf 8 and the 

input from uC 10 via parallel data eSS" ° * 8 "* y aCCept and CQnvert a P ara,lal ^ 

serial data output 13. It can be seen th«!S 1^1° * T^" 0 ^ 8erial bit strean 



data stream 



serial data output 13. It can be seerTthlt?^ . S^ 1 , * nchrono " a bit stream outout via 

can convey paraiiai d i C iS d«t«^ m ™£* 13 - bv virtua of parallel data connection 16 

provides a digital data, ready sional to « h^!^ 1 ^ 31 data outputs 00 ^ uC *>- "C 10 ato 

rtirjifcil data read sicnal to said uC in . 13 v,a line 14 ' and sa,d UART 13 PTQvidas a 

1 3 could be part of a dual UART block (DVAFm' Ir^t™? 6 l^tV Said UART ' S 2 and 

^* l juakt). or alternatively could be internal to uC 10. 

As described up to this coint the nwor,n a ' »• 

clock generator 4, is to ^•^2! 1 Sr3^r ,,l5 t * UA ^u 2 ', 1 ? 1 °' UART 13 ar ' d mas ^ 
rate), convert said serial data into iSSZJ?! ? St l 9r,al d,g * al b,t slream < at a desired 
that uC 10 may provide temporary ^Inl^JZ tI ? ns £ r to and by uC 10, in order 

data manipulations thereon Ite^lZ S?™ 9 ™* 83 we " 35 P afft ™ various direct 

of uC 10). Thereafter, uC ^mly^^^JL? ^W^^cHon capabilities 
to said UART 13 In order to be iSSSSl 55 d u e i ay ! d and "plated data in parallel form 
a second desired rate.) averted '"to and output as a second serial digital bit stream (at 

Accordingly, one skilled in the art can sp» - / ■ 

outfitting two senai data stream ^esoe^vl ««CS!f na a3samb,a S a capable of inputting and 
more importantly, whoee data toueZZSTFl y n f* n ? P^P* not only different bit , a i BS> , but 
bits, misceiianeoue nag bff crc2^-5j£2^ ?J bit start/stop ^^ion 

arranged, manipulated, sorted SrSra? SEE?* wkJ l ,av * J" J** a,tered ' rearranged, 
between their Input and tlieiiJufpul^: or^^ 8 *? P added J acked or ^qwnced itc. 
example, uC 10 may be proorammad in fi)l P ^. 3s,nfl a ?' ons camed ln<emal to ^ 1°. r or 
y u« programmed in firmware to provide for forward error correction eta 

In this preferred embodiment however »h« - • 

•Membtage is to perform ?t£^„ P y P 2T °L ? 9 8b ° Ve deSCnbed »«*»| 

shown here as a CVSO demodulator Sa d t«n<m» ii, a T^ d Q ^ nem,t J modu,ator 19 - *«* is 
6 from master clock generator 4 a wncr,™^, J modu,ator 19 ' 18 P^** With a clock signal 
control signal 17. ' synchronous bandl.m.tad sarial bit stream 18 and an inhibit 

As briefly described In the backoraunH .u : 

although said transmit modulator 1 9 £ ?J T 9 , nv9nt,on - and as is sh °wn in mora detail in Fig. 1 
produce or generate an ana'og ^ase?a£ y ^ 

mndulatorl nnn-stalionary Hmawvarian^jS^ W ^ ,nformat,on baa ring amplitude 

and can be transmitted over surtablHnaT^ filtered - is ba ^»^ed 

Said transmit modulator 19 is wan ^ * . . 

bandpass filter 21. whose outout S is fad Si « e / ,era,ed ana, °fl 3i S^i 20 into the input of 
unit 23 is fed through OC S2^«JJi^ 4 v ^W ^ 0 ^P"t 25 of said P gain 
radio transmitter 27. ^P«citcr 24 (i.e.. AC coupling) to the analog Input 26 of a 
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The analog signal thereby presenter to , ■ • 

serve to modulate the RF carrier of a w 09 ' npUt 25 oT 53,(1 r3aio transmits 27 will then 

modulated radio frequency wave 2S iitl , fraa . u « nc y in order to produce an intelligence 

after emission from its antenna 28. aeoromagneticaiiy piupagat* through free space 

In the above manner, the method arm a «„» * 

present iirvw.tiun wicodes an input dfaff KS?. accordin 9 to the Preferred embodiment of the 
bearing baseband analog waveform 2sTL?2 M *tream 3. into a spectrally efficient information 
standard, practical bandlimited aneJee , <2? • P 333 '" 9 (,,e " transmitt a') for example, over a 
(i.e., electromagnetic wave procacat2n^? rn " r "« Jt,on5 channel, 8U ch as an RF linked path 29 
depicted in Fig. 1. 9 Propagation or radiation), as is shown in the preferred embodiment 

With specific reference again to Fie 1 

wave 29 that has electromagneticallv'nmn«TJ' f J? aid in . t( :" iscncs m °*ulat*i radio frwpwnny 

received analog RF signal from antenna 3n =^ P at J" Gro,vn pOfii,i0n by anten na 30. The 
wh-ch serves to demodulate »hJ J^, ' P resented to the RF input of radio receiver 31 
output an intelligence . bearing baseband fJZSLi } fr _ equen< * order to produce and 

rarweitef 33 to the input 34 of adEtahi. S S ' 9nal 32 wh,ch is fed thrau Sh DC blockina 
unit 35, is then presented to ^Ir^lZ^f, Min unlt 3S - Said 0u * ut 37 of variab eVain 
38 of said filter 36, is then fSdSiS K SJSSSS "J"" 36 "^no filter) and K oJS 

™ an aiog input of receive demodulator 39. ^ 

As also previously described in the ha v 

Fig. 1, although said receive demcxHiS^? fL the l , inV9ntion - as is snown in more detail in 
serve to produce or generate i a ^SSl s actua,ly imposed of a CVSO modulator it does 

response to said in P ut 9 ofsa1?recelK di 8 ital 3eria ' bit *5n 47h 

ampl.tude modulated m^on^!^ 38 ««■••• information bet*? 

Said receive demodulator 3g QLitoiifc c 

receives a clock signal 40 from masX r25? Straam 47 t0 UART ^ Demodulator 39 also 
detect output 48. which is fed to a SJ.nn f a9 " eratof 41 - ar « also produces a signal i vaS 
master clocK generator 41 ar£ JS^SL°^£ 5 °" UART 46 receives a dod < «*nff£ from 
stream 49. which is input to dtaitaMra^ ^V^ 81 blt stnam lnDUt 47 to « Parallel S£ 
stream is determmeo ^^S£^S^£3 T&'h wWth of *■« P ara ««' 
data read acknowledge signal 44 from TS- ^ e , cfto ' C8 of uC S 0 - UART 46 also receives a dlgrtal 

master clock generator 41. n * ^ uC co a,so receives a clock signal 43 from 

It can also be seen that uC so nmui^. 

UART 04, along with a dtettaf SS-n^^K! ? ta Str9am 55 from di 9 |tal out P^» to a second 
from master clock generatSr 41 aS aKSX 6 *h f aid ^ 64 rccc,Vec 0 signafS 
input on uC SO. UART S4 can thc^tc^f 8 da,a read a <*™*ledge signal 52 to i digiS 
an output serial bit stream S6 Thf dtaita? S° ? ST** a p . ara,,9, data etroarn 55 uCSoTo 
can therefore be vHwod as th, IS*,* SnISST °' reCelVe pCrtlon of P res «^ invanfion 
transmit portion, with ell the sa^J ^ c^SS? al a9s * mb ' a 0«Pr«viously described a^ r «rr of, h" 
man, P u l a« io n(c^ tothsaa ^ 0 s f a ^ c e ^Pab.l.^ in terms of digital data rate and stnSure 

In the flhovp. dn^rxih«^d manner th 

embodiment of the present invention de^?eTi1n^l.. aPP ^ r • tu ^i aX^d ^ 0 to the Preferred 
analog waveform 32 (generated hv »~f ■ s P ectral, y efflaant information bearing baseband 
passed (i.e.. trar^miSd) fo? examSr™ 0 " transmit ^coder/modulator) which ST52 
communications channel, iuch as ^i,^ «- , Sta " dard ' P™ 6 * 5 " 1 oandlimited a^ 
propagation or radiation), into outoSt dSX? .' ,nked path 29 (i - e - electromagnetic wave 
embodiment depicted in Fig 1 Tlff£2Sta ^ 2 L! tr9am * as is il,u,trat ^ & pref^ 
inverse continuously variable delta slonT2l3^ ', metnod - apparatus and function comprises aeid 
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